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Abstract. We present a dual–channel transimpedance amplifier for cross–correlation noise mea-
surements with a MESFET cryogenic front-end and cooled feedback resistors. In order to test the
noise performance of the system, devices with known noise power spectral density (i.e. resistors)
have been measured. In particular, such a system has been able to reliably measure a noise current
spectral density lower than 1 fA2/Hz in a bandwidth larger than 3 kHz.
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INTRODUCTION
High-sensitivity noise measurements require high performance noise amplifiers, with
input noise levels well below the values to be measured. Besides devising new circuit
solutions and new devices, the development of novel measurement techniques can help
increasing system sensitivity and meeting requirements that are far beyond the specifi-
cations, in terms of noise floor, of the best available commercial measurement systems.
Amplifiers can, for example, be cooled down to cryogenic temperatures, so that their
thermal noise component is reduced by 75% in liquid nitrogen and by 99% in liquid he-
lium, with respect to room temperature. A further, widely used technique is represented
by cross–correlation [1], which consists in using two different and independent ampli-
fication channels with the device under test connected in series or in parallel between
the inputs. In this way, a noise level well below the noise floor of the system can be
measured.
Such techniques have for example been applied in [2], where a cross–correlation
current amplifier has been developed with a cryogenic front–end, or in [3, 4], where
a cross–correlation amplifier with cooled feedback resistors has been implemented.
In this contribution, we present a dual–channel transimpedence amplifier, with a
MESFET cryogenic front–end and cooled feedback resistors, which is suitable for ultra-
low-noise measurements, with a transimpedance of 1 GΩ, over a bandwidth of a few
kilohertz, representing a significant improvement over our previous amplifier [4], that,
for the same transimpedance, had a maximum bandwidth of about 100 Hz.
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FIGURE 1. Schematic diagram of the dual–channel cryogenic amplifier.
MEASUREMENT SYSTEM
The current noise power spectral density SI(ω) at the device terminals can be obtained
from the simple expression [3]
SI(ω) =
Sv1v2
Zt1Z
∗
t2A1(ω)A2(ω)
∗ , (1)
where Sv1v2 is the cross-spectrum of the channel outputs Vu1 and Vu2 (Fig.1(a)), Zt1,Zt2
are the test impedances, and A1(ω),A2(ω) are the transfer functions of the channels,
measured through the test impedances.
The inverting inputs of each preamplifier are placed close to the DUT in order to avoid
unwanted capacitive effects due to the connecting cables, which would greatly reduce
system bandwidth.
With respect to our previous amplifiers [3, 4], we have focused mainly on increasing
the bandwidth, which is limited by the capacitances of the cables connecting the DUT
(Device Under Test) to the amplifier inputs and by those used for the measurement of the
transfer functions of the channels [4]. To this purpose, the implementation of the front-
end with GaAsMESFETs has made it possible to place it together with the DUT, thereby
eliminating the cable capacitances and for the measurement of the transfer functions we
have used resistors (Rt1 and Rt2) instead of capacitors.
The choice of such resistors as well as that of the feedback resistors, is a relevant
issue, because, in order to obtain a high transimpedance, their values must be quite
large (1 GΩ) and therefore their stray capacitance may become critical. Indeed, the stray
capacitance in parallel with the feedback resistors drastically reduces the bandwidth,
while that in parallel with Rt1 and Rt2, besides having an adverse effect on bandwidth,
creates an uncertainty in the evaluation of the transfer functions because it has a complex
frequency dependence.
We have used 1 GΩ Vishay–Dale resistors, which, from the characterization we have
performed, have a parallel stray capacitance variable from 50 to 150 fF, thus allowing a
bandwidth of about 3 kHz.
In Fig.1(b) the schematic diagram of the two-stage amplifier that we have used
for each channel is reported. It consists of a double ended differential pair, followed
by an operational amplifier. The MESFETs are Sony SGM2006M-T7, while TYCO
surface mount resistors have been used for the biasing circuit: both have been tested in
advance, to check their compatibility with cryogenic temperature operation. Particular
attention has been paid to the bias point of the MESFET front–end. One needs to balance
the opposing requirements of minimizing the bias current to reduce the flicker noise
component and to raise the bias in order to maximize the gain of the differential stage in
order to reduce the contribution of the noise from the second stage to the overall noise
factor. Indeed, the noise contribution from the first stage is by far prevalent, therefore
no strict requirements are needed for the second stage, for which we have used a µA741
operational amplifier, which has offered better performance in terms of stability than
more advanced components such as the OP27.
Due to the high sensitivity of the measurement system, advanced mechanic and
acoustic insulation are required. To this purpose, an air cushioned structure has been
custom built to hold the cryogenic dewar in which the sample holder and the amplifier
front-end are located. Coaxial cables connecting the front end with the second stage,
as well as reaching down to Rt1 and Rt2 have been mechanically anchored along the
supporting shaft, in order to limit vibrations and the associated microphonic effects.
Shielding from environmental electromagnetic fields has been achieved by placing
the whole system inside a shielded room and supplying power only from batteries.
MEASUREMENTS RESULTS
In order to evaluate the noise performance of the correlation amplifier, we have fo-
cused our attention on measurements on devices whose current power spectral density
is known a priori, such as high value resistors. The cross-spectrum of the two channels
has been evaluated with a Stanford Research SR785 Digital Signal Analyzer. The mea-
sured noise level has been then compared to the expectd 4kT/R current thermal noise.
The temperature has been measured accurately with a calibrated silicon diode and the
resistance of the DUT has been measured directly at the operating temperature.
While the single channel noise floor is about 5 fA/
√
Hz, we managed to evaluate, by
means of the cross-correlation technique, the noise current power spectral density of a
20 GΩ resistor at 85 K (0.48 fA/
√
Hz): this is 8 dB under the noise floor of a single
channel.
In Figs. 2(a) and 2(b) we present the results of the measurements for a 1GΩ and a 20
GΩ resistors at a temperature of 85 K, compared with the expected thermal noise level,
indicated with a dashed line. The agreement is quite good, with 20000 averages. Further
averaging does not improve the performance significantly, due to parasitic coupling
between the channels, which introduces crosstalk. Although the MESFETs used in the
front-end are based on GaAs and therefore should operate also at lower temperature,
at least down to liquid helium, in the current tests we have been limited to about 85 K
as a consequence of increased noise at lower temperatures that we correlate with the
low quality of the ohmic contacts of the MESFETs which becomes clearly nonlinear
as temperature is decreased. Therefore, for operation at liquid helium temperature or at
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FIGURE 2. a)Noise current power spectral density for a 1 GΩ resistor at 85 K; b) Noise current power
spectral density for a 20 GΩ resistor at 85 K.
1 K (in the 1 K pot of a cryostat), it will probably be necessary to use custom made
devices for the front end, with ohmic contacts to the 2DEG (2-dimensional electron gas)
properly engineered for low-temperature operation.
CONCLUSIONS
A MESFET cryogenic front-end for cross-correlation current noise measurements, with
cooled feedback resistors has been presented.
Thermal noise measurements have been carried out on 1 GΩ and 20 GΩ resistors
at various temperatures, between 85 K and 95 K, exhibiting good agreement between
the theoretical and measured values over a bandwidth of 3 kHz. Operation at lower
temperatures will require the adoption of devices with better ohmic contacts.
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